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You Are Here ð 22nm node  
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Source: Auth et al.  

VLSI 2012 



Building a Complex 3D Structure 

P+

SiGe

P+

SiGeN+N+

NMOS                           PMOS

Silicon Substrate

PMOS Source/Drain Self-Aligned Contacts 

x 

y 

z 

4 

Source: Auth et al. VLSI 2012 



Building a Complex 3D Structure 
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Jan et al. IEDM 2012 



òAny sufficiently advanced technology 
is indistinguishable from magicó 

 ð Arthur C. Clarke 1973 

Intel 2013  

~1  x  1018 

Intel ships about  

one quintillion  

transistors  

per year 

 

1  x  109  

1 billion transistors 
fit into an area of  

One square centimeter 

 

Every 

2 years 
Intel delivers a new 

manufacturing  
process  

 

 

2 x  
Better 

than the previous 
generation  

 

Intel in the Future  6 



The (likely) near future  



We Need Both New Materials & New Structures  
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We Need Both New Materials & New Structures  

Increasing 
Electrostatics  

Planar 
With High K 

Fins & 
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The Gate All Around (GAA) Architecture is 
the Limit to Structural Electrostatic Control  

Source: K. Kuhn et al. TED 59:7 2012 
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Modern Technologies are NOT Solely 
Limited by Transistors  

ÅInterconnections turn devices into useful functions  

Å3D structures  (finFETõs, vertical FETs, etc.) make this 
considerably more challenging at 22nm and beyond  

ÅNeed thin conformal films for  

·Gate metals  (NMOS and PMOS) 

·Contact metals  
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Source: K. Kuhn et al. TED 59:7 2012 



Key Issue: For Small Dimensions,  
Scattering from Grains & Sidewall becomes Dominant  

Line width (nm)  

What if We Could  
Eliminate Scattering ? 

Cu wires at 17nm drawn dimension  
(colors indicate crystal orientation  

measured with DSTEM) 
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Source: Intel 



Can We Make Better Materials? 

1. Improve Cu ð increase grain size 

2. Alternative materials with 
specular boundary scattering  

3. Alternative materials with 
lower mean free path  

4. Disruptive technologies  

(2) Metal w/ specular 
boundary scattering  

(3) Metal w/ lower 
mean free path 

(1) Increase 
grain size of Cu 

(4)  CNT < 1 uOhm-cm  
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Can We Make Better Materials? 

Line width (nm)  

What if We Could  
Eliminate Scattering ? 

ÅSpecular boundary scattering  
ÅSmall electron mean free path  
ÅPotentially better at small dimensions  
 

50 atomic% Au 
CuAu I 

CuAu h Iέ 

0.010 = 10nm 

Thinner Ҧ 
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Can We Make Better Materials? 

Source: F. Zahid, Phys Rev. B. (2010) 

ñResistivity of thin Cu films coated with 

Ta, Ti, Ru, Al, and Pd barrier layers 

from first principlesò  (simulation) 

Pd, Al better than Ta, Ru  
 
? 
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